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[-3-41 

MRAM^l MTJ^ ^ H o v ^°fl ^ 7flAl§>^ hV, 71^: ^Hl 4-*f #^4, ^<S4 ^ 

tfJf #^4* £?^SLsL ^*Kr m i&Tfl, ^7} #^4^ ^Hl 4^ 

3. 2fl4-§: ^S>fe ^12 #7fl, wfl^l 7>^4 ^7> 7}i7} 

^^7>>i(Cl2)^ Wfl^l^l 444^5.-^ MH^fe #4^4* ol-g-^>c^ #71 sfl 
^ l-eflo} ^-71 Ir^nvs.^. aflT^fe. *fl3 ^Tfl ^ #7l p>^aL sflfi-§: *H4*Hr *fl4 # 
31* XWtt ^-i: ^-2-3. 4xr MRAM2] MTJ^ ^ °1 7fl44<H 014. o] ^ *V a. 

0 l-§-4^, #£^14 MTJ# ^^8: 44 ^*<H ?\^5\7) nfl^-ofl, MTJ^^I 

13 ^M- #4 * =r n.Z\31 ^4^^ ^V#ol fl^^- ^7l afl-£-°fl, MTJ^ 

#4 ^V#cl 7fl ^^^1 ?£^4. 444 MTJ^4 7fl^^- ^4 ^3 

°fl 44£r ^4£# #7fl E)4 ^SsJ-^ol teflon wl^fl ^^^14. SEtb, ^7} 

^(Cl 2 )7> AV-g-51^1 ^7l MTJ^^l ^ofl &x}7} ^^14 ^±\5. 

4°l3.s. ©14^ 37ls $14. 

£ 4 
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7>7l e»3l ^>7l Ei\g ^ {Method for forming magnetic tunneling 

junction layer of Magnetic Random Access Memory} 
[51^ 

.£ l£- ^>7l ^ <£*l^ J±<^^b ^^m. 

£ 2 ^ £ 3^r £ loll * r 7l *}7l Ei^ ^(MTJ)f^ U"*H ^ 

£ 4^r ^ ^JAHH S]*V 7>7l ^ofl ^2: Bj-^-g- Lj-E^ufl -M-S-t^ojc}-. 

£ 5 vflx] £ 7^ AA S. 4<*fl 3EX|tr ^>7l e« ^2 *fll xfl^l ^13 # 

9 £ ll£r 7>7l MTJ#* ^*Rr Sf^^T 

£ 12^ ^Al^ofl o^tr ^>7l ^ MTJ^-g: ^^*>^dl ^>-g-^ -8-£ ^I^" 

^ #e}^> ^4 ^l^ ^-g- Ji^^ 

£ 13-& -M^HH 7.1-71 ^ MTJir ^^ y o v ^°fl ^ MTJ^ 

3 ^11- ii^-i. ^£o]cf. 
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£ 14fe £ *UHH ^tb MRAM ^ MTJ# ^^^©.S ^€ °M3S °] 

■&}$] 3-7} m ^ MTJ^ #Hfl 7l^o]l o]*}. MRAM ^IHH n}ola.S o]^- 

^ 37|f ^ MTJ#^ 7>7) ol^^^^i^ M-E^cK 

40 : 7l^r 42:^ = ^>S|-^- 

44:7flo]E 46:i^.i ^ ^ 
48:^31°] °$q 
50, 54, 64:^11 *fl3 

52:tflo]El B}<y 56:^^}* 

58:£^i^ #ei^L 60: srflJ^ 

62:MTJ^ 66 : «1 * 

70:w]M5}ol 80, 118 7l^(MTJ# ^-§-) 

82, 120:*]--?- #11^- 84, 122 : ^ s}- 

86, 124:^ 1-^^" 88:v\^3. ^ 

100: -fr 5. #e>^PKlCP) *JzJ-#*l 

102:^^lol^] 104:^ (chuck) 

106, 114:^1 31 *\)2 -H^sl- nfl^l 

108 :^tH 112:^ w o v # -g-^l 7l (OES) 
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<26> ^- x>7l ^(MRAM) ^lS ^rtb ^-^-^i, ^Hl*>7fl^ *}7l *»<>\ 7\y) 

B]^ ^(Magnetic Tunnel Junction, °}?>} MTJ5^ u o v ^l ^rtb ^°1^K 

^l^(T)^ OH #713 -2-3. ^^Jl "0" "l"-4 ^ ^olEi7> 71^-5]^ ^ 7fl^ 

MTJ#(S)°.S ol-f-o^i}. 

<28> £ 1-g- t55}Qj ^5fl 7l^ofl MRAM y J-^* ^ SK£*fl ^l^- 

(10) ^oHl TlM S #^-o] 711 o]H ^##(12)4 =L <#4^ofl ^^.^ ^ = efl?J 

(14, 16)°1 *8^^tf. °1^M1 ^£^1 71^(10)^1 ^^§- ^ E^fl^iEi 

(T)7> ^^^nf. ^^J: 11^ ^Ije. -g-aJ-^-g- M-Bl-^cf. M^fl^l^EKT)7} 

*n 7i^-(io) ^as. e ^i^Eicni- §^ ^^usw ^^^4. ^<s^ 

(18H ^ ^ Si ^ TlM E 3^(12) ^<g^-(18)^-S. iM^r cflol 

e-1 s}-<?l(20H TllolE ^#(12)^ ^^^cf. §^ ^^^-(18)^1 = eflo] 

(16H ^#5}^ ^*(22)°1 ^^cf. s.em#(22)^1 #?i ^<S^-(18)^ ^^*V ^o] 
3. 5^ #ein(24)7> 4^-, *1<3*K18) ^Hl #e^(24)3 

4 ^#Sl^ sflH. £##(26)°1 sflJE. £#f-(26)€- efl ol e-1 Efoi(20) ^^^^ 

^€*=h sfl= £€^(26)^1 cflolE-l &|-oi(20)^ tfl^-sjfe <3<*j #61) MTJ#(S)°1 
Sjal, MTJ^(SH ^# fiS MTJ#(S)4 sfl:=. £#^(26)^- ^2 
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^^^"(28)^1 *\}2 ;g?W28H MTJ#(S)^ ^^-o] ^#5}^ ^H* 

(30 H ^€^h ^2 ^^^-(28) <$°-3, «H-&(30)-i- ^fl-f^b «im e^o](32)^l # 
71 TflolH ^ g t-lHEi ^ol(20)o11 U-^O-S. 
<29> s. iofl MRAAHl MTJ#(S)^r £. 2 ^ £ 3^1 ^J-o] 

<30> §, £ 2^1 t>><2}- ^o] ; sfln. £^#(26)^ ^ #ofl *M3^ 

(Si), ^^^-(S2) ^ ^ 7H^(S3H ^^>^^s ^€ q-^-, ^ ^H^HS3) ^Hl 
MTJfKSH ^€ ^^-1: ^§*Rr 5fl^(M)o] ^slcf. °}if, £ 3<^1 

^z^ol, ^z]- -f n>^3 2flH(M)ol aflT^o.^.*! MTJ^(S)°1 
<3i> ^-71 ajf^ <$&SL3. ^l^>7l ^ o>a^ 7>i(Ar)7> A>-g-E]^ o]^- 

(ion milling) ^ , <^4i7>^# o]-g-^ ^^^^^ ^ Shs-'S <>l£r^ 
(Reactive Ion Etching) ^H^^f. 
<32> MTJ#(S)^ eJ^S. lift-off) ^°-3. tg^m. 9X^t\], <i«- 1"^, 

MTJ^(S)^ 2fl= -£^1^(26) ^Hl MTJf^SH ^€ ^^°1 £#£l£^- 3L&£ll*|iS^ 
sfl^°l ^"71 MTJ#(S)€- ^^Hr ^>^^S 3* 

^ ^ ^-71 l^l^E^ sfl^o] ail^s)^ MTJ#(SH ^"71 <$<*^r 

4^. <3<* ^HH ^-71 ^Tlsl^ ^-sfH ^£4. 

<33> ^efl 7l^o]l 51*1 MRAM *flS «^sl _ MTJ *ol ^s}^ «j- 
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<34> ^fl, MTJ^CSH *]■£: ^»^<LS. <§>Mfe ^3*1 & 

MTJ#(SH ^£ * , ^ azj-^oflA-l ^V##ol MTJ#(S)^1 ^h^l t±X\ 

°1 £4, MTJ#(S)^ ^o\) ^ a.o^ ^Jl^ 3^#(34)o] ^s^t-fl, 
<>1 ei tr ^#(34 HI MTJ^(S)* ^^Kr -Mf^l £7}x\SL3. &^s\o] b\^t.] 
^ TMRti] 7\ 

<35> ^*fl, MTJ^(S)°1 tiV-g-^ ol^z|«j-^ o. S ^^JEl^ 3-$-, MTJ^(SH1 ^t-m 

(undercut )°1 M-Bj-uj-ji, aIz]- JJl ^z^eJ)^ °}Sfl E] ^ 

^ *F^(S1, S3)a}°H ^<£^(S2H ^^cf. 

<36> MTJ#(SH ^i7}if o]-g-*V £ai o_ S ^^rr , ^4" -f 

l^^^f. 37l# ^Hr MTJ^o] ^^s]7l o^cf. 

<37> M TJ^(SH Sl^S ^.H(lift-off) ^5]^r ^-f , 

°1^JI7} *>fe 7l#^ 

<38> ^tgol oj^-jl^l-^ 7l#^ ^Ml^ ^#tr ^2fl 71 ,g-*fl^ 7fl^S>7l ^ 

^-(thermal damage)^: s^s)-*}^ <#Jl^- SSSj-^Cprof i le)^: *}°l3^ 
a. 711- MTJ#* ^ SUtt MRAM^l MTJ# ^ y o v ^# 
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<39> #7l 7]^3 ^^11- iH^l *Qr*$-& 71^; #o]l f^SV, ;goJnV 

^ W Ir*^-^ ^*Hr ^11 #7fl, #7l #-*f #°fl 

4i3 31]^^- ^*Rr ^12 l&XI, nfl^] 7>i<^ ^7> 7>^7l- ^t^lS 

SiM- ^^7>i(Cl 2 )^r tifl^l^l ^7}-^.^ ^"^£1^ #e|^>^- ol-g-^ # 7 1 n>i 

3 ^flU IreflS] #7l ^fl^^ ^13 #7fl ^ #7l ^^-i: *fl7l*Kf 

^4 ^7fl# 5Lf-^>fe ^-g- ^ MRAM^I MTJ# ^ w o v ^# ^1^^. 

<40> ojufl, # 7 ] ^Z]"7>io]lA] # 7 ] Dfl<y 7}^9\ ^ 60%^}^}, W>^-^]§>7fl^ 

10%~40%o|t}. =LZ)JL #7l nfA 3 Sfl^^ 3.7} S. ^^l}. 

<4i> SEtb, #71 *I13 #7}1^ #71 4^3 afl^ol ^3f#^- ^^-^ fe]-s4 

^Z^H #3) ^ #71 ^#*H # 7 ] A1Z1-7>^1- ^^Tll ^-g.^^ 

±^ 43 ^ WMOI^ 9J7HH Aj. 7 l ^aZfl-ol 51^5} ^2, ^ofl ^71 

«£1-SP>1- ^HM^ ^Till- Cl i^T}^, 

<42> #71 d>^H 3flBi f^o} # 7 ] #^f 1-^^- ^ #71 ^^M: TflTlo-Rr ^Tjl ^ # 

71 4i3 l-efl^l #71 *>JfL ^T^Hr ^7^1# b) ^ 

<43> #71 n>>i£L 3fl^ l^S] #7l #Y ^7]«5Kr &7\} , #7) n}^3 sfl^i ^ 

eflSl #71 ^71^ cJ-Tfl ^ #7l 4^3 3fl^ 1-eflol # 7 } ^JjL #^nV^. ^ 

7l*Rr ^7fl# Cl ^ $J4. 
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7l*>7lofl ^ #71 ^ Cfltl: "iR3# i^^H ^"71 7>^ ^ 

10%~40%^^°H^1 S^*>^ «>^-2is>cl-. 
<45> n^MS., ^-71 #-SjL ^^M- ^7l*V ^, ^"71 ^71^- nflsq- #7l <^ 

#^^Hr ^7]^r °fl, ^21 #:g°H cH*l ^Zj- S.^^- ZLBl^H # 7 ) ^o] 7}^^ ^ 
^ 10% -40% ^^vfloflA-1 q-5 711 S^tt «>^-^^. 

<46> ol^*l ol-g-^, 25°C ^<^H -iiz]-^-^^- ^ ^Jol MTJ 

^ol |2jo S ^#5^ «oM* <r 3L*V AlZ]- ^5]^ ^#<>1 

#7] xcfl^-o^l ^ MTJ^ol P>ola.S. ol^>^ 3.711- ^^S- MTJf^l ^-71 ^- 

*J~§-°1 ^ ^3*1 7fl^ £Hr MTJf^ ^-fr ^ $14. 

O}^, ^7^1 «4i7>^(Cl 2 )7> A>-g-5]^l ^7l ttfl-g-ofl , MT J^ ^^ofl c^]- ^ 

^3*1 ^ °>^el- #7] MTJ#°1 ^ (corrosion)^ «o v *l^: t aI^. 
<47> o]s>, ^ *H8<9 ^ AH] oil ^tr MRAM^l MTJ# ^ S^M: ^S*} 

^oMl^Tl] -g^tl-. °1 *r*<HH 51^1 £^1^ #°14 ^^1-^1 ^Itt ^H^l ^ 

<48> ^A]aflofl o]^. MRAM Si MTJ# ^^ y cj-^^r £ 4<^1 S^ltr w]-^ ^-ol 3711 

71^1 e^^i^e-11- ^eRr ^711 (S10), #7] 1=®X\^&\ c -fl°l E i Sr^l^: 

«l*s*M A oM J=«^b1<2]. <g^5}^ MTJ#* §2r^> ^^^-1: °l-g-*H £ 

AS. ^*H= *fl2 #7ll(S20) ^ ^7} MTJ #4 y|E2}o]|- ^ 3 
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<49> £ 51- #5^3, ^I(SIO)^ 7}&°\) £ ^ = -g^fe &7\) 

(SlOa), #7) 5U=<g*H ^*Kr #7fl(S10b), ^"71 

^-71 *-^°§« 4H1 TIME ^-g- 5£^H^ TH^lS l^t}^ ^Tjl 

(SlOc) ^ A o V 7) 7\)o)]= Z\%-^r <#^<2] ^-7] ^ oil ^ *§^*Hr & 

^l(S10d)l- 

<50> ZL^Jl £ 6# ^*>^, *fl2 ^^1(S20)^- ^"71 71^; #7l g 

^ *fll ^<3^M- ^*Hr i a-^(S20a) ( ^-7] ^1 ^<3^1 ^ tfofl, 

yV^§>7fl^ #71 7flo]E a^g. <^°H tfl-S-Sl^ ^"71 TflojE 

4 M-^1-711 C^olEi ^^Kr ^:^(S20b), #7} ^ #2.3. #7} HI 

£fe ^2 ^^^-i- ^*Hr #7l](S20c), ^71 afll ^ ^2 %7\ ^ 

*H ^"71 S^l^S] , ofl^tfl E^^l ^«^ol ^ t}^ 

#?fl(S20d), #7} 5L&^ *fl^r #7jl(S20e), #7l ^12 ^<&n 

^7] 51*1^ ^S]^ ^>7l c-floiE^ e^-o] SJ-*^^, MTJ 

f^l ^€ ^ ^^Rr #31(S20f) ^ #7] SfljEL £^o] z\]o)nl 5} 

o]j!f cfl-g-E^ #6\] #e}^n> aiz]- oi-g-^H MTJ## ^-^Hr 

^l(S20g)3. ^ 5acf. 

<5l> g^V, ^-71 ^13 ^KS30)^r S. 7^1 £Al*V w>Sf ^o] ^y) *)] 2 

3 #7} sflJEl *J ^"71 MTJ#^- ^13 Q<£*\£r #7jl(S30a), # 

7) m #7} MTJ#o] wM«-(via hole)^- ^*Rr 3:31(S30b) ( 

#7) *\)3 H<£^ ^1-71 V]o]^ 5L*d^% ^*Kr ^^(S30c), 
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#7] MTJf^ <£%S\JL -#7} C-flolE^ e^-O]^ £^nV sfl^^- ^T^(S30d) 

<52> £ 8£r *fl*l *)13 ^(S10, S20, S30H1 44 *§^& iH^r 

«KE*11 7)^(40)^1 %^^^(Aactive Area)(AA) ^ ^^(FAH 
€ ^-i- 1- , ^2=<8^(FAW €^>Sl-^(42)ol ^-§- 1- ^ £4. n.z)jL 

^I=^5|-4(42)4 0 l£] ^^^(AA)ofl 711 6 1M ^##(44)^ ^^.i ^ *=3l«y ^^(46, 
48)°. S. ^3*r S€^1^7> 1- &4. £iK #5=*ll 71^(40) ^£ 

^-7] Miffl4^4« £^ afli ^?J- ^<34(50)°1 ^4(50) 
^Hl TflojE aj^#(44)4 cfl-§-£]£^- x^)o]b\ 4*1(52H 5J^r £ *r 5&4. 

<53> tlHEi 4^1(52)* MTJ#(62H cHo]El# ^ ^^-7> 

u-flolE] 3K1(52)*H «y7>5]^ MTJfK62)-§- *4*|-fe 7}7]^o] ^$^4. ojufl, ^v 7 j e ^fl 
^l±Elb ^.S A o v 3Koff state)7> €4. 
<54> 7fl^*IH, #?_V ^<34(50) A o v °-5. c-flolE-] ?}9l(52)-gr a|]2 ^<£4 

(54)°1 ^€ # ^ £Ul, ^11 *ll2 #?i <£<34(50, 54)°fl tlHEi 4*^1(52) £ 

TflolE ^^#(44)S.-^-Bi ±^ 71^^-3- ^-71 ^4^44 ^.eflo] cg^ (48 )ol 

(58)S 3* # ^ *«2 *i<34(54) ^Hl ^z]n.(58)2) 

#^4 ^#4^r afllE. 51*I§K60H t-flojEi ef<?](52) &4. 
<55> j|£ J£*l#(60)4 cflo]Bl 4 < ?1(52)°11 tfl-g-sq^- ^ ^Hl MTJf-(62)ol <g^€ 

* ■& $1^1, MTJ^(62)4 ^^l^^l = 3.3-«J (profile)^ ^Hfl 7l^ofl MRAM°fl 
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<56> Tfl^lH, ^2 ^^(54) 2fl= £^(60) ^ MTJ^(62)^£- *fl3 

^«?!^-(64)ol *§^5|<H ^Jl, ^13 ^^^(64)^1 MTJ#(62)°1 

(66H ^£)<H 9X^, *\)3 ^^^(64) HH-g-(66)-i- ^B-f^ MW(62) 

4 ^s\±= ylee}^l(70)^l 1- °H, wlE^oi( 70 )^ 3)0^ e}- 

$1(52) £ 711 o]e ^^#(44)4 ^*>7fl ^ ^ S^. 

<57> ^-71 a|)2 ^741(S20)^ MTJ## ^*Hr ^^(S20g)^ 4X| M] ^S, 

§ ^ 5^3], £ 9^ ZL 3} £ 10£r ^ £. ll£ ^1 # 

<58> 5. 9* ^71 ^ ^ #31^ 71^(80) #.2-3. MTJf^ 

«. 1-^^(82), ^^SV(84) g ^ #^(86)^ ^*Kr ^Mcf. *}^- 

M^(82)£ n^-S. %^ ^ $1°-^, 4^ f-^^AS. 

*h °l^-i-/^?>(Ir/Mn)^- ^ *Uil3 ^^)s.p>hv|1 El ^(Synthetic Ant i ferromagnet ic 

(Ru)^ ufl^I u|« KNiFe)^-* A>-g-^ ^ ^cf. ;g°§^(84)£r ^} 3^*8* ^ ^o. 
3*1, <« ^^1-5" ^^-(A1 2 0 3 )^ ^ #/£^(86)£- *H3*W 

^(cap)f-8: ^mSLsL 3-2-3, *}W-2-3 ^ 

^ ^ SM, 51 13<Hl 7^0) j^o] *M^#, ofl# SL^S. ^(CoFe) 
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n ^-Efl^-nvo.^ ^^^cf. S}Jf #^^-(82)o] Hflo]^ 7] ^(80)^ 

* tl^s ^i]- ^ ai^l, ^4-, Ei^(Ti)^4 

q-olE^olc( TiN )pVol ^>^o.s 3KTi/TiN)«J ^ ^l^- 

(80)^8: £ 8^1 sfl^- £^(60 HI ^-g-^cf. 
<59> £ 10^- ^-S^, ^-71 ^ #7fl^ ±% o\]^ s-ig KrF 

(stepper)7> A>-g-s]^ a}^^ oj-g-^ ^-^^(gg)^ ^ ^<^ > B>^§>7fl^ 

HH^l e}°J(£ 8^ 52)^1 ^-§-5^ ^ ^ S^r 4^3 ^^(88)^: ^T5Rr 
nf. °H, v}^3. sflH(88)^ sfl^o.^ pMh.^. 3.71 # ^cfi , ofl-i- 

*}^i3. 5fl1d(88)^ 7>S. * 4^ 0.4/im ^ 0.8/rni ^H^t}. o] a ^ ai7l 

» 4i3 3fl^(88)^ ^4 ^oflA] zl o>Hfl^] «g>^ #^M1 H^S. 

*>7> ^H, ^-71 3)^3^3. ^ ^ MTJ^^r 3.7]7\ ^ola.^. o]f>}o] ^0} 5}t}. 

< 60 > £ n-§- , 4>7l ^1 Hflo]^ 7^(80) ^Hl MTJ*(62)-§: Q^is} 

<6i> 5. 10°\) S.^}^: ^3fl-<Hl^ 3fl^(88)# ^ v}^3.$. f>}<^ >y- 

«. #^^- (86)) ^^^"(84) ^ *}Jf #^(82)* ^>^o.S ^*Vtf. 
sfl^(88)^r ^tb^. °1^M1 *fH ;g<£tq. sfl^(82a) ( 2fl^(84a) ^ 4^ 

4€(86a)ol fr^l-^ — 3*11 MTJ*(62)°1 ^^cf. 

<62> olnfl, ^Jf #^^-(86), ^<a^(84) ^ ^ #^(82)£r #2^*} ^z}- 

#3* °l-g-SV^ ^*>3 ^^4. °1 4*cHH #^^H1 <4s} ^ 
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^ h>°H^ ^(bias power)* ^3-2.3. Slt^Mj 7>^}tJ-. 

<63> s£ 7 ) *)) #^^-(86, 84, 82H ^4 ^.tf o.s 

< 64 > £ 12^ #^^(86), ^^^(84) * *>Jf #^(82)* ^>^^.S ^SHr 

31 *}-8-*rfe -fr£ #2}-^K Inductively Coupled Plasma) ^^^1(100)^1 7flef 

3 ^-^-1: iL°i^4. ^7l^ 102^ 71^0] ^o]^ i^H*l (stage)*, 104^r 

*tyo] ^1(102)1- *1 *1 f>}^ ^(chuck)^-, 106^: *Kl04H ^3H*1(102) ^Ml 

S^s]^ 7l#°fl ^7>£]^ v\o}o]^ S^^>7l *fll JL^ 

si- n fl^ -fr^CRF matching unit)^- M-^\E4. 108-^ #5r^r 

°1 ^sq^ 110-^ ^(108) ^3 i El] oi^(io2) l-e^>£^- ^ 

(108) ^oll ^H^fl€ 112-b ^(108) ^H^l -^1^*3 ^J-^-i- ^l3s>7l 

% ^-^7] (Optical Emission Spectroscopy)* M-^^cf. # « 0 ># 

(112 HI ^*fl (108)°fl *>^€ # w o v #%K^£^l)* U^fe #°1 ^€4. 

ole^ % « 0 ># ^-^71(112)1- ^*Kll2) t(HH ^lsjsl^ *\A°} °]^\A ^ 

114^ ^(llOHl <tl7>S)^- SH-I-I- ^3^5. 2i^}7} ^]^V A]2 Jl^Sf nfl^l -fr^-fr 
S^l^H 3(104)^1 f£f i^ol^(io2) -S-ofl S.^ 

£ 71^-ofl J" ^^0.5. ^^*>7l ^^fl 01^(102) vfl^-ofl ^fl- 7 >>i7> ** ^ ^Tfl 5] 

<65> ole^ -rrS. £^*g #2^} ^z}"#*l(100)«1M ^ #^(82), ^<?!^(84) £ 

^vj=l #^^(86)oH tfl^ £*>3°-S ^€ ^11 Jl^s}- ^(106)^ ^ 
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3M*1(102) ^Hl 3.^$. 71^1 300V°lS>, «>^-^*>7ll^ 100V-150V $5.2) *}o]o]±l 

917}^. al *fl2 *fl^ -R-^(114)^ 1.5kW°l*h «>fl-^SM|fe 500W~ 

800W1- ii ^» ^^(110)^1 ^71-^4. Jl^sf nfl^l ^(106)^1 S}*fl «el7>^^ 
«H°1^ ^4 ^12 ofl^l -8-^(114)^1 ^«fl Sl7}£lfe ^0]) o^^fl ^ 

(108)^<>fl ^UsMI -f}-<^ ^^7>i^.-^-Ei ^z^l A>-g-^ sflcl^ ^ # 

7m i^Kr #^p>7> >iBflol^(102) ^ ^#(PH1 ^T^^Cf. 

MTJ^-g- ^^^>7] #^(86), *i<3^-(84) ^ «>^- #^^-(82)^ *)z^ 

£ 10^1 £Al*V WfSl- ^-O] A>tL #^nV (86) ^-ofl D}A 3 3fl^(88)^1 ^€ 7j32f#(o] 

£ 10^ ^^#oie|. ^Efloi^(io2) tfofl S^flS^l Al^cf. ^2] 

£ 12<H1 116°-3- M-Bf^ ^-7fl# iEflo]xl(i02) ^1 £ 10^ ^l:^ 

tV^t±. ^]] o]^(l02) #*fl 10^ ^2fl-(116)^r ^31 ^1 71(102) #<H| ^1 

4g Jl^ ^fll;^ ^1*1] ^^o] QS.^ nfl^l JX^^cf. °1<4 £0} £ 10^1 ^^(116) 
0} >i3H*](io2) ^Hl JL^4g[ ^, ^(108) ^#<H1 i^(*l5i*l)* ^flAi £ 

10^1 ^#(116) ^ ^-Tiofl ^Zl-7>^7> ^^^711 ^>€^f. ^"71 ^71- 

7^^ <§i7l-i(Cl2)7V Wfl^m ^ 7>^<4 ^7>7>i7> ti^S. ^€ 3 

* A>-g-*Vt4-. ^"71 ^ 7}il ^1# l-'g 41" ^ -g-^(BCl 3 )» ^-g-W. ^.SlJl ^"71 . 

^•71 # -g-^ ^-^ItS", # ^<gnV (84) ^ : Al^-^^l JL^^^ ^ 

o>xJ|el- ^*l(108) ^°11 #e^n}7l- ^^sl^^i f-^ll t^sl^ *hhl- ^lTl^c-il 
°ltf. °13t!: ^ ^71 jL^ofl o^^l, # <*S|- -§-^0} ^7>^=o] ^7}^ . 7p^^- ( 

^ ^ s}^- #^^-(86, 82H1 cfltV ^171- ^BMa] Ti^cf. , ^^^o.^ 
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^Hl 34 ^*cHH ^#^1 ^#^1^1 #7l #^o] 

^ Xicf. Htb, ^4 * ^51^ 7>^ofl 2]*U MTJ#°1 ^S]^ ^ 

#7l ^1 #^BV(82, 84, 86H 34 ^ ^7}^ , 

#7l 33-7h^M- ^a^l -B-i #3^*> 33#*l(100)°ll ^17> 

3^ *ll<y i3H*l(102) ^H] 7l#c>fl <?]7>Sl^r 3-°H^ 4^), 

7l^£, ^#3, 7>^^ ^SH^ 3]^^ ^ ^ $14. 

<« #<H, #7] £^ 337>^ ^ 7}i7} # <*^- ^ol^L, ^ 7>7>^7l- C>5 
^<?1 7j-f , ^T-Kr #7l £^ Alz^iolH # ^7> 60%ol*>^ , 

3*}7flir 10%-~40%<H ofl, #7l ^ #^(82, 84, 86)<=Hl tfl^r l-e)3 ^ s}-^ 33 
-§- 7># a^iLS ^A]^ ^ ^ o s v ^ ol^cf. 

Tjl^^fl^, *fltH (108)^1 ^3^1 # 7 ] ^#<i 3*fl £ 103 ^3"§-(116) ^ ^#oil 

#71 £^ ^47>^7]- ^^S->7fl -£-A}5l^ #3^3 33#3(100)<Hl 

^3 33 , <^1?1^ 500W1- ^71-tVc}-. Ol ^2f, #7l 337^^3 i\Z\- 

<*] A}-g-£)^ 2113^3 o]^-S. ( ^ ^^p> 7 > ol^Tfl f2}iP}oll 3*fl 

£ 103 ^3«-( 116H13 u>^3. 2fl^(88) #313 #Jf -§-;gni-(86)°l 33€3. <S^r3 

#7] *\Z\-7}^B) ^^-Wll- ^(84)* 33*J-7H ^^>7ll S^tb 

#71 ^Z]-7>i^E-l ^<^^(84)* 333"3 3^ ^^^P># ^3^13- 

3^?fl ^€ #3z^Hl 3*11 3^3. 3^^(88) t-313 ^^^-(84)H 33^13. 33 
^3 D^a. 3^(88) #313 
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*K84)°1 #^(82)°1 #7] ^7}^ ^*], 

47>^S.^-Ei §^u>^- ^A]^ u} + EL n^m) fellS] ^ #^(82)* 
Aiz^^cf. ol * > n>^3. 5fl^(88)-ir *fl 7} th£-5.*| £ llofl s.X\ *V w><4 £o] 

^£1(823), *d<£^ 3fl^(84a) g ^ 3fl€(86a)°l ^ 

5)^- MTJ#(62)°1 ^^4. 
<7i> MTJ#(62)* ^^*>7l ^zj-ofl -frs. €^^> ^^^1(100)* 

ofliM 100°C^l^>, w>^§>7fl^ 25 1; ^A]^ AlZ^-ull-^ofl 

*1 ^^#S^> fl*^ (volatile)* SXI 

<72> ol«q. ^-o] a o v 7 i*v MT jt( 62 )|. ^^*>7l ^ ^z^^ ^eflc^. ^-ol ^^cofl^ 

^l^lxr uL<&*3°1 ^>M2} 25 °C ^°1H 7-1 ^^o] 71 nfl^-ofl, MTJ 

#(62H ^z]-i)-^<Hl>| <13-°-S y oM^4. ^71^ 

^°1H ^4 ^#o] o. ^. 7 ] ufl^ofl, # 7 ] Aiz| ^V#ol MTJ 

^(62)°H 7fl 7A°] ^t.)z]o] MTJ#(62)^ SS.5)-^ol ^eflilc}- ^ ^jLSfl^t} 

<73> 5= 13^ ^1-71^ ^ -g-sfl MTJ^(62)^ tfltb <^1# H^tt 

^r^IEolcq-. 118^ 7l#*. 120£r 7>^ ^ if-^ ^ l-^^M-, 122^ ^ 

124^ 7>^tf|.o : jc^Kr Aj-j=L 1-^^ q-El-^cf. 
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<74> tb^, -Hsl^ 31, #71* MTJ^-i: ^* r 7l ^ * ^MW*! # 

-a #^sv(86), ^<3^(84) ^ ^ #^(82)* ^^^^S **I31 ^z^Rr «> 
^*Kf ( ^ #31 ^ 4 #31 uPf<3 ^aI^- ^ oiuf. 

<75> ofl^. l-ol, cf^s. Aj. 7 i MTJ#-g- ^m*Rr 311 #3HH #-*r- 

(124)7 r *l# ^^1-Jl, 312 #3HH ^7}^ ^^-all- ^^^-(122) ^ *>^- 

1-^^(120)^] ^zHl 3^*r31 ^-§-, ^<3^-(122) ^ ^ #^^(120)^1 tfltb 

<76> 4 t^s. #7] MTJ^^r -^l^Wcr ^-r-, 31 1 #3HH A o VJ f l-*Wl24)-§- 

JL, 312 #3HH ^^^-(122)* ^zHH, 313 #3HH #^^-(120)^: ^l^"*^. 

°M, A #3131^ ^14€ #^^1-31 tfl* ^jzi jt-g-oi 3)*H s]£^- ^z^r^s! £* 

<77> ^1 t£7\\$_V\ ^ #315- #71 MTJf^-8r ^zWb , #31*1-4 ^z}-7}^<>1 

«1* 2^>#*1 MTJ^ ^*Rr ^Al^- ^ ojcf. 

<78> H 14^r £ ^S>\ -gAloflofl e)^ MRAM MTJ^ "H^S. <3 

^ 3.71(0. 4^ >0.8//m)# MTJ^M^h 311 MTJf^lel- *cf)3j- ^2fl 7l#^ o)^. 

MRAM 312: U-^«3|^ p>o1^^ oj^o} ^71* g±r MU^M*. 312 MTJ^o]el- 

4H1 tflsfl ^#*1<£ VSM(Vibrating Sample Magnetometer)^- <3-§-«H ^*J* 

7lol^s.Aj^-Ajo. ^^^14. 31 1 ZLEflS(Gl)^ #71 311 MTJ#31 7>7l ol^^^-^i 

312 ZLHfl^(G2)^ #7l 312 MTJ#31 31* *>7l <3 ^-iHS ^Hd* q-E^t}. 
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<79> *fli ^ ^2 zieflS-i-(Gl, G2)-§: ^2:^ , #7l MTJ#^ oI^^-a^^o] # 7 j 

^ z\]2^& MTJ#^1 ^ 3.71 7} v\o]ELg. °]f>}o)7)™); t n>ol o]^o) EL7\% £ 

^ ^efl^l MTJ#2f ^^*V ol3*H3* ^cf^ ^ 3*1^. 
<80> a o v 7 )^. ^d\}^ a>« 0 Vo] ^13^3. 7l*i\s\°] 9X°-^, 

tH^Rr ^l^iL^, WV^tb ^Al^]^ ^j^o) ^S. ^.o] ^ 

^ #*Hf 7l# £°HH -g-A^ ^Al^. ^ T^lg, ^7]^ o.£ 

^ ^ ^^7>i# ZLtflS ^ 7>7>^# 0>e^ <2^ r}^ 7>i# Af-g- 

<5>JL, ^>7l ^ ^ 7 }^ al^^- cfH^j ^ ^5L Sa^ ^olcf. £*1 ^ 
^ ^ ^ #*J^ ^ *H51 -i-^Kg. ^-71 ^ t|5[^ ^ 

^ ^JE Sl-i- 3Mr}. nfl-g^ M^o} ,g<fl- AJ AHH cq*}^ ^ T^ol 

<8i> -tf^tb wf<4 ^•ol ) ^.-i^rgoil ^tt MRAM^l MTJ^ ^ 

Aiz]-^- #5^n} AjAj^. o^fl BC1 3 ^ Ar°l ^ ^ til^S ^£l ^ -g-^Tfl ^-g-^th °] 
o\] Aj-71 0.5: Alzl-^lifloflA-1 MJ-aJj^ ^^n>^ ig E> ^ A}z}- 

% Voc l °l-&^f 5fl^^2] ^£7> ^o>7^A^ KXTCiH} ^ ^£r, <^mcfl 25°C^ 
SL^H ^71 ^ °1^7ll «flAi MTJ#°1 ^7] Aiz^^o^ 

AS 3* a cM^T ^ ZL^JL #^n>7> ^Sflofl «1 3^-5) 7l 

^7) ^^^^^ ^V#^ fl^* ^711 ^71 o]e^ 
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^ A 3SL£. MTJ^<H1 %7] ^l-o] 7fl nfl-^ , #7l MTJ#^ 

?H3^ ^ o>q^ 4^ofl ^a>£1- #7fl £H MTJ#^ S^s^o] ^ 

Eflofl til^fl ^ ^«fl^rf. S *\^7}^°\] <X±7\MCl 2 )7\ ^>-8-Sl^l ^71 nfl-g-ofl , M TJ 

s oi«>^ 37is. ^ sm. 



30-21 



1020030005484 2003/2/10 

*)l<y 7>i<4 ^7> 7>^7> ^WlS ^€ ZL^4 <* ^7>^(C1 2 )^ 

* ^7^^ ^13 #31; ^ 

^1-7] 3(1 H^- ^^Hr ^14 #7fl» 5L^rRr 3^ ^^SLS. f>\±r MRAM^ MTJ 

2] 

1 %H1 ^^i, ^"71 *fl3 #7)1^, 
#71 p>^3 sfl^ol ^4#^r -frS. S^Sp} ^z^-^H 3.*3*Hr 

#31; £ 

#3]-I- c| 3Lf-*}^ ^-2.3. ^ MRAM^l MTJ# ^ ^ « D V ^ . 

3] 

^1 1 I£^r *fl 2 5U°H, ^7l nflo] 7 >i^ ^^-ti]^ 10%~40%<y ^ 
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4] 

3l 1 IN $a°H, v\]o] a}- egg}. ^(BCl 3 )olJL, #7] ^7}7}^ o> 

s^-(Ar)^ ^ ^ MRAM^ MTJ^ H^'S. 

si 

31 2 <&°]x\, <$7) ^zJ-^H 500W-800WS1 sH(|« ol7>«>^ 4=-^ 

«LS *Rr MRAM^l MTJ^ ^^«o V ^. 
13 T^" 6] 

31 2 %H1 #?1 -^^Hl 100V~150V^H^ «H<H^ ^T^Hr 

^ MRAM^l MTJ# ^^ y o v ^. 

[3^8- 7] 

31 1 U- 31 2 %H1 SW^I, *>^aL 3fl€ #31^ MeM-^ 25°C ^JE^l 

°1H 31 7\-8\^ ^J-i: ^ MRAM^l MTJ# ^>8lHI. 

8] 

iE^r ^>M-oj ^nvol ^-#^1 ^JlS MRAM^l MTJ^ 

[^^J- 9] 

31 1 1H1 SM*!, #7l n>^=L sfl^ n>ola.S.ol^ 3.7] g. ^^^>fe 

mram^i mtj# ^iHi. 
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[^t 1 * 10] 

all 1 Sa^^i , #?1 afl3 <Mfe, 

#71 4ia sflu i-eflsi # 7 i #-*f #^ «j #7i ^^M- ail #31; £ 

#7l n>^3 #71 ^^Hr l^*!* C-l £^Rr 3i* °- 

11] 

all 1 %H1 A^H. # 7 1 ^3 cfTll^, 

#71 n>^a. l-efl^l #71 #^f- a||7l*Hr #31; 

#71 sflli i- ell 21 #71 ^^-g- ^Tfl; ^ 

#71 4^3 2fl^ #71 £>Jf M^-g- allT^Rr ^1» nl S^Kr 

^ MRAM^l MTJ# ^# u o v ^. 

12] 

all 10 *M SW*!, #71 S}-^ aflT^H #71 l-^^-ofl cUtt 

aizi- ^-## jl^s>oi #7i *n<y 71-i^i ^ io%~-4o%^$hi*i s^Kr ^-i- 

SRr MRAM-21 MTJ#- ^#«o v ^. 
13] 

XI 11 #°fl 5a°H, #7l ^<£^ allTll- nflsq- #7l Spf nfl, Z}- 

Z}-Sl #^^ofl cfltV ^-#^- JlBl^ #7l ^ol 7} ^2] ^B]-£-£r 10%~40% ^ 

^ifloilA-1 cl-^Tfl S^V^r ^-^^-5. MRAM^l MTJ# ^^ y o V ^ . 
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14] 

MRAM^l MTJ# H^^. 
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